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The  ultimate  cause  for  the  formation  of  gall  stones  has,  not- 
withstanding  the  large  amount  of  investigation  on  the  subject,  re- 
mained  a  subject for speculation. 
The  earliest view was a  purely mechanical  one;  that  the  forma- 
tion of the stones was the result of concentration  due to stagnation. 
On  account  of  the  fact  that  bile  may  be  concentrated  to  a  thick 
mass without the precipitation  of the products  found in gall  stones, 
this  view had  to be abandoned. 
There  then  followed the  so-called chemical  theory,  the chief  ex- 
ponent of which was Thudichum. 1  Cholestearin,  bilirubin  and the 
calcium  salts  are  soluble in alkaline  solution,  especially in  solutions 
of  sodium  glycocholate,  and  concentration  does  not  bring  about 
precipitation.  If,  however,  according  to  Thudichum,  as the  result 
of  decomposition  due  to  prolonged  standing  or  as  the  result  of 
abnormal secretion of mucus, the bile becomes acid,  the cholestearin 
and bilirubin calcium are precipitated as the result of the decomposi- 
tion of the solvent, sodium glycocholate, into glycocoll, cholalic acid 
and  a  sodium  salt.  In  reading  the  work of Thudichum,  it  is  well 
to  remember  that  the  work  was  done  a  half  century  ago,  and  of 
course, without bacterial  investigation. 
Another  chemical  explanation  was  offered  by  Dochmann 2  in 
1891.  He  analysed both  liver  bile and  bladder  bile,  the latter  ob- 
tained  after ligation  of the cystic duct,  and  found  a  great increase 
in  calcium  and  diminution  in  sodium  in  bladder  bile  as  compared 
with  liver  bile.  According  to  his  view  the  increase  in  calcium 
diminishes  the solubility of bilirubin  and leads to a  precipitation  of 
bilirubin  calcium  and  cholestearin.  Prolonged  intervals  between 
meals  and  stasis  cause  a  stagnation  and  precipitation  of  bilirubin 
calcium and cholestearin. 
~Thudichum, Quarterly Journal  of  the  Chemical  Society,  1862, xiv, 114. 
:Dochmann,  Wien.  reed.  Presse,  I891, xxxii,  1198. 
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Opposed  to  these  chemical  theories  are  the  morphological  and 
bacteriological  theories.  Dujardin  Beaumetz 3 ascribes  the  forma- 
tion of gall  stones to a  desquamative cholangitis  and  biliary stasis, 
thus  reviving the  "Stein bildende Katarrh "  of Meckel.  4 
Naunyn 5 denies the chemical theory of Thudichum.  Even when 
greatly  concentrated,  bile  contains  sufficient  solvent  to  keep  the 
cholestearin  and  bilirubin  calcium  in  solution.  The  decomposition 
of sodium glycocholate to sodium cholate does not explain  the pre- 
cipitation,  since  this  product  is  also a  solvent  for  cholestearin  and 
bilirubin  calcium.  He  also  ascribes  the  formation  of  gall  stones 
to a desquamative cholangitis. 
This  inflammatory  process  leads  to  a  desquamation  of  epithelial 
cells  which  degenerate  and  form  cholestearin  and  calcium  salts. 
The bilirubin  unites  with  the calcium.  The  precipitation  of biliru- 
bin  calcium  is  aided  by the  albuminous  character  of the  products 
of  cellular  degeneration,  alluding  here  to  the  general  tendency  of 
albumen to precipitate calcium. 
In this  way are  formed small particles  which  form the nuclei of 
gall  stones.  The  cholestearin  is deposited later,  partly  on the out- 
side and  partly  infiltrating  the  mass  through  the  so-called  infiltra- 
tion  canals  which  are  found  in  gall  stones.  The  mere  excess  of 
calcium  will  not  cause  a  precipitation  of  bilirubin  in  calcium  and 
cholestearin.  Even  the  presence  of  foreign  bodies  as  centers  of 
crystallization  will  not bring  this  about. 
There is lacking the explanation  of some biological process which 
brings  this  about,  and  this,  according  to  Naunyn,  is  furnished  by 
the  degeneration  of  epithelial  cells  the  result  of  an  infective  cho- 
langitis. 
We have still, however, no explanation as to the process by which 
eholestearin  and  calcium  salts, which  are  normally  soluble  in  bile, 
are  precipitated  in  cholelithiasis.  To  say  that  it  is  the  result  of 
degenerative  changes  in  epithelium,  produces  more  mystery,  but 
no explanation. 
If  now  we  leave  the  reahn  of  speculation  and  search  for  some 
exact knowledge,  a  very curious  chain  of thought  will  arise.  \Ve 
Dujardin  Beaumetz,  Bul.  Therap.,  I89I,  cxxi,  29I. 
* Meckel  von  Helmsbach,  "  Mikro-geologie,"  I856,  Berlin. 
5 Naunyn,  "  Klinik  der  Cholelithiasis,"  I892. S.  P.  Kramer.  321 
have,  heretofore,  exact  knowledge  of  the  formation  of  stones  in 
one  instance  and  in  one  only.  I  refer  to  the  formation  of  phos- 
phatic  urinary  calculi.  We know  that  this  is  due  to chemical  de- 
composition,  the  direct  result  of  bacterial  growth.  If  now  we 
apply  this  knowledge  to  experiments,  having  for  their  object  the 
clearing  up of the  subject of gall  stones,  it may be that  some suc- 
cess will  follow.  It has  been abundantly  proven,  that  bacteria  are 
at all  times present  in gall  stones.  The  literature  on  the subject is 
so well known that  it is not necessary to burden  this article  with  it. 
The colon bacillus is the organism  most  frequently  found in gall 
stones.  The  one  next  in  frequency  is  the  typhoid  bacillus.  It  is 
very probable  that  it  will  be  found  that  infection  by one  of  these 
two micro-organisms  is  responsible  for most cases of cholelithiasis. 
Now  while  this  has  been  commonly  accepted,  it  seems  strange 
that  there  should be no investigation  published,  showing the  effect 
of these organisms on bile when grown in it. 
It  would appear  a  priori reasonable,  that  possibly the  growth of 
these organisms  in bile, or a  solution of bile,  would effect the  pre- 
cipitation  of  some  of  the  biliary  constituents.  Accordingly,  for 
the  past  year I  have  been carrying  out  such  an  investigation  with 
most gratifying  results. 
Culture  tubes  were  prepared  containing  a  mixture  of  one  half 
human bile obtained at autopsy and one half  ordinary alkaline pep- 
ton  bouillon.  This  mixture  or  solution  was  repeatedly  sterilized 
and  filtered,  until  a  perfectly  clear  medium  was  obtained.  Such 
tubes  were  inoculated  with  the  colon bacillus,  the  typhoid  bacillus 
and  Staphylococcus pyogenes  aureus.  All  of  these  micro-organ- 
isms  grow  readily  in  this  medium.  The  staphylococcus  forms  a 
copious growth which sinks to the bottom of the tube, the medium 
showing no apparent  change. 
Not so, however, with those inoculated with the colon or typhoid 
bacillus.  Here  in  a  few  days  the  medium  became  cloudy  and  a 
precipitate  is  seen  at  the bottom  of  the  tube.  This  precipitate  in- 
creases greatly until  in about four weeks a  very well marked, closely 
packed,  semi-solid  mass  is  seen  at  the  bottom  of  the  tube.  If 
allowed to incubate longer,  say for .six months,  care being taken to 
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firmly packed and the super-natant fluid may be poured off and we 
have a  kind of very soft " gall stone "  as it were, taking the form 
of the bottom of the tube.  If we examine the precipitate, we have 
11o  difficulty in  recognizing  all  the  constituents  of  gall-stones  as 
well  as  masses  of  bacilli:  Amorphous  calcium  phosphate,  mag- 
nesium  phosphate,  calcium  carbonate,  biliary  coloring matter  and 
a  few  crystals  of  cholestearin.  Crystals  of  ammonio-magnesium 
phosphate  are  formed  very  late,  usually  after  many  weeks  of 
growth. 
In  order  that  the  precipitation  of  cholestearin  might  be  made 
more  manifest,  and  since,  normally,  bile  contains  comparatively 
Fro.  i.  Photo-micrograph of  precipitate  in  culture of  Bacillus  coli,  in 
medium containing 50 per  cent. bile and  I  per  cent. cholesterin.  Culture  sixty 
days old. 
little of it,  culture tubes  were prepared  in  which  cholestearin was 
added to the solution of bile and bouillon.  This readily dissolves 
therein and the medium was carefully filtered and examined micro- 
scopically before  inoculated,  so  as  to  be  sure  that  all  the  choles- 
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colon or typhoid bacillus, give a precipitate very rich in cholestearin 
crystals, as may be seen from Fig.  I,  a  photomicrograph of such a 
precipitate. 
Another thing which was  remarked, was the markedly preserva- 
tive action of bile upon colon and typhoid bacilli.  I have at present 
tubes  in  which  the  precipitate  was  separated  and  allowed  to  dry 
out completely, and yet the bacilli present are still viable and readily 
resume  growth  when  inoculated  upon  fresh  media.  This  corre- 
sponds with the findings that viable typhoid bacilli have been found 
in the interior of gall  stones years after the individual had passed 
through  the attack  of  typhoi  d  fever. 
Thus  Droba  °  reports  a  case  in  which  he  obtained  the  typhoid 
bacillus  from gall  stones removed seventeen years after the patient 
had  recovered from  typhoid  fever. 
It appears to me that these experiments indicate very clearly then 
that  gall  stone formation, just as phosphatic urinary stone forma- 
tion,  is  due to  a  chemical decomposition of the bile,  the direct re- 
sult  of  the  growth  of  micro-organism  therein.  Bacillus  coli 
communis, and  Bacillus  typhosus  are the .micro-organisms usually 
concerned.  Just what  the  exact chemical nature of the decompo- 
sition  is,  remains to be  shown.  It  is  rather  significant,  however, 
that  the  two  micro-organisms  which  cause  this  precipitation  in 
vitro,  produce  an  acid  reaction  in  the  media.  Whereas,  the  sta- 
phlococcus, which requires and retains in akaline reaction, does not 
cause the precipitation. 
It may be then that the decomposition theory of Thudichum will 
prove to be true in  a  modified form.  His  work on  the decompo- 
sition of bile was done, of course, before the days of pure culture, 
and was without bacterial control.  A  repetition of his analyses of 
bile decomposed by pure  culture of  these organisms,  may give us 
the exact chemical nature of the process. 
*Droba, Wien.  klln.  Woch., I899, xil, II4I. 